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Ocimum gratissimum is used as a traditional folk medicine in many countries. The objective
of this study was to evaluate the antioxidant activities of an aqueous O. gratissimum extract
(OGE) and to evaluate its cytoprotective activity against hydrogen peroxide-induced
toxicity in human HepG2 cells. The results revealed that the total phenolic content of
the OGE reached 20%. In the 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay, the OGE reduced
up to 80% of the free radicals at a plateau concentration of 66.7 mg/mL. This indicates that
OGE contains considerable free radical scavenging activity. In a dose-dependent manner,
OGE pretreatment counteracted the decrease in cell viability in H2O2-treated HepG2 cells
( p < 0.05), and at a concentration of 20e80 mg/mL, it effectively reduced thiobarbituric acid
reactive substance (TBARS) formation. These findings indicated that the aqueous extract ofr Medicine, China Medical University Hospital, Taichung, Taiwan, ROC.
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Ocimum gratissimum
Oxidative stressO. gratissimum has an antioxidant capacity and protective effect on oxidative stress in
HepG2 cells. This makes OGE a promising therapeutic agent in liver diseases.
Copyright ª 2013, Food and Drug Administration, Taiwan. Published by Elsevier Taiwan
LLC.Open access under CC BY-NC-ND license.1. Introduction
The liver is the primary organ that is responsible for metabo-
lizing endogenous and exogenous compounds. It is therefore a
target organ for the toxic action of xenobiotics or their reactive
metabolites [1]. These xenobiotics can generate reactive oxy-
gen species (ROS) or free radicals in hepatocytes during the
metabolic process. Hepatocytes physiologically use ROS as
secondary messengers, which plays a role in modulating
normal cellular functions [2]; however, an imbalance between
theproduction and the removal of ROS causes oxidative stress.
Oxidative stress is involved in the etiology of numerous liver
diseases [3,4]. Oxidative stress-mediated damagemay result in
inflammatory and fibrotic processes in the liver [1]. Appro-
priate levels of intracellular antioxidant capability to eliminate
the harmful effects of ROS, including endogenous and exoge-
nous antioxidant systems, is crucial for maintaining normal
cellular function. Oral natural antioxidant phytochemicals
have been proposed as therapeutic agents in liver diseases
because the liver is the primary organ that collects exogenous
antioxidants from the gastrointestinal tract [4].
The genus Ocimum, which belongs to the family Lamiaceae
(previously known as Labiatae), has a strong-smelling aro-
matic flavor and has been used as traditional herbs in many
countries since ancient times. Ocimum gratissimum, which is
widely distributed in tropical and warm temperate geo-
locations, is a well-known medicinal plant in the Ocimum
genus and commonly used in folk medicine [5,6]. In its un-
processed form, it is also commonly used as a spice indishes in
mostWestAfrican areaswhere it is locally referred to as “scent
leaf”and”treebasil” [7].O. gratissimum is knownfor itsmultiple
pharmacological properties and has been prepared in a variety
of forms for consumptionsuchas “chhit-chan-than” inTaiwan
[8] and “vana tulsi” in India [9,10]. This medicinal plant has
shown potential anthelmintic, antibacterial, antifungal, and
antiviral activities [11e15], whereas more recent research fo-
cuses on its capability in immunomodulation [16,17] and
cancer chemoprevention [18]. In recent studies from our lab-
oratory, an aqueous O. gratissimum extract (OGE) protected the
heart of Sprague Dawley rats against carbon tetrachloride-
induced cirrhosis-associated cardiac hypertrophy and
fibrosis [19,20] and it attenuated hydrogen peroxide (H2O2)-
induced chromosome damage in cardiac H9c2 cells [21]. The
implication in these studies that OGE may be beneficial in the
treatment of liver and heart diseases prompts further study
into the mechanism of the antioxidant property of poly-
phenolics in OGE with regard to its protection of the liver.
Dietary antioxidants have a protective role against oxida-
tive stress and have been proposed as therapeutic agents to
counteract liver oxidative damage. To elucidate the hep-
atoprotective properties of O. gratissimum, an aqueous
extractionwas adopted to simulate food ingestion and hepatic
absorption in this study. DriedO. gratissimumwas extracted byboiled water, and the extract was lyophilized. The HepG2
human hepatoma cell line is considered a good model for
studying in vitro xenobiotic metabolism and toxicity in the
liver [22]. In the present study, the OGE was tested for its total
phenolic content and effects on free radical scavenging, lipid
peroxidation inhibition, and cytoprotective activity against
H2O2-induced toxicity in human HepG2 cells.2. Materials and methods
2.1. Chemicals and reagents
Sodiumcarbonate (Na2CO3), sodium chloride (NaCl), potassium
chloride (KCl), sodium dibasic phosphate dihydrate (Na2H-
PO4$H2O), dibasic potassium phosphate (K2HPO4), chloric acid
(HCl),methanol, ethanol, isopropanol anhydrous,andhydrogen
peroxide (H2O2) were purchased from Union Chemical Works,
Ltd (Hsinchu, Taiwan). FolineCiocalteu phenol reagent, caffeic
acid, Dulbecco’s modified Eagle medium (DMEM), dimethyl
sulfoxide (DMSO), fetal bovine serum (FBS), nonessential amino
acid (NEAA), glutamine, trypsin-EDTA, penicillin G, 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT),
trichloroacetic acid (TCA), 1,1,3,3-tetraethoxypropane (TEP),
and thiobarbituric acid (TBA) were purchased from Sigma-
Aldrich (St. Louis, MO, USA).
2.2. Plant material and preparation of the extract
Extraction procedures of O. gratissimum were performed in a
qualified process. In brief, the leaves and stems of O. gratissi-
mum were harvested and washed in running water, and then
air-dried for 1 week to make into a coarse powder. The
powdered vegetal materials (400 g) were homogenized with
distilled water (1000mL) by using a polytron. The homogenate
was incubated at 95 C for 1 hour, and then filtered through
two layers of gauze. The filtrate was centrifuged at 20,000 g at
4 C for 15 minutes to remove insoluble pellets. The super-
natant was thereafter collected, lyophilized, and stored at
20 C until use. Prior to the assays, the OGE powder was
dissolved at the required concentration.
2.3. Measurement of the total phenolic content
For polyphenol content measurement, the method by
Singleton et al [23] was used: Distilled H2O (10 mL),
FolineCiocalteu reagent (0.5 mL), and the sample solution
(1 mL) weremixed. After shaking the solution and placing it at
room temperature for 15 minutes, 3 mL of 20% Na2CO3 was
added, andwas heated at 100 C for 1minute in awater bath. A
spectrophotometer was used to measure the absorbance of
the samples at 725 nm. The calibration curve was constructed
by using standard methanolic solutions of caffeic acid [24].
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sample solution was evaluated by interpolating the results
into the calibration plot and reading them from the calibration
line. Based on the concentration of the dissolved dry sample
(in g/mL), the total phenolic content was calculated as milli-
grams of caffeic acid equivalents (CAE) per gramof dry referral
materials (mg CAE/g dry sample) [25]. For proportional
conception, the value wasmultiplied by the coefficient of 101
to transform “mg/g” to “mg/100 mg” and expressed as the
percentage (%) of total phenols index (%PI) [26].
2.4. 2, 2-Diphenyl-1-picrylhydrazyl scavenging activity
The 2, 2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging
ability of the OGE was determined in accordance with the
method by Shimada et al [27], but with somemodifications. In
brief, 5 mL of the OGEdalong with 5 mL of a-tocopherol and
butylated hydroxyanisole (BHA) methanolic solutions for
referencedwas mixed with 1 mL of freshly prepared a,a-di-
phenyl-b-picrylhydrazyl (DPPH) solution (0.1 mM, in 95%
methanol). The reaction mixture, which contained varying
concentrations of the extract or reference (0e140 mg/mL), was
shaken well and incubated for 50 minutes at room tempera-
ture. The absorbance of the resulting solution was read at
517 nm against a blank. The radical scavenging activity was
measured by the decrease in the absorbance of DPPH and was
calculated by using the following equation:
Scavenging effectð%Þ ¼ ½1 ðA517 of the sample=
A517 of the controlÞ (1)
2.5. Cell culture
The human hepatoma cells HepG2 (BCRC Non, 60025) was
purchased from the Food Industry Research and Development
Institute (Hsinchu, Taiwan) and maintained in Dulbecco’s
modified Eagle’s medium supplemented with 10% v/v fetal
bovine serum (Gibco BRL, Gaithersburg, MD, USA) and 100 mg/
mL penicillin/streptomycin (Sigma-Aldrich Chemie, Munich,
Germany) at 37 C in a humidified atmosphere containing 5%
carbon dioxide. The HepG2 cells were seeded in 24-well cul-
ture plates at an initial density of 2  105 cells/mL and grown
to approximately 80% confluence. Oxidative stress was
induced by treating the cells with freshly prepared H2O2. The
cells were pretreatedwith OGE at indicated concentrations for
24 hours. A medium containing H2O2 was then added and the
cells were incubated for indicated amounts of time. After the
incubation, the cells were washed with phosphate-buffered
saline (PBS; 25 mM sodium phosphate, 150 mM NaCl, pH
7.2), and then collected for subsequent analysis. For
morphological analysis, the cells were observed under inver-
ted microscope (Olympus Co., Tokyo, Japan) at 40 magnifi-
cation for changes in size and number.
2.6. MTT assay
Cell viability was determined by MTT assay. The HepG2 cells
were exposed to H2O2 or with or without pretreatment of the
test samples (i.e., OGE). To determine the cytotoxicity of H2O2,
the HepG2 cells were treated with 5 different concentrationsof H2O2: 441 nM, 882 nM, 1764 nM, 3528 nM, and 7056 nM.More
than 50% of cell death occurred after 2 hours at 882 nM of
H2O2, compared to the untreated control cells. Thus, the
concentration of 882 nM of H2O2 was chosen as the appro-
priate concentration for subsequent experiments on the effect
of OGE. The HepG2 cells were starved for 12 hours and pre-
treated with various indicated concentrations of OGE for 24
hours. They were then treated with H2O2 for 24 hours. After
these treatments, the medium was removed and the HepG2
cells were incubated with MTT (0.5 mg/mL) at 37 C for 4 hours.
The viable cell number was directly proportional to the pro-
duction of formazan, which was dissolved in isopropanol and
determined bymeasuring the absorbance at 570 nmby using a
microplate reader.
2.7. Thiobarituric acid-reactive substances assay
Lipid peroxidation was determined based on the amount of
thiobarituric acid-reactive substances (TBARS) [28] and with
minor modifications. The results were expressed as nano-
moles of malondialdehyde (MDA) per milligram of protein. In
brief, equal volumesof the leaf extract and 882nMH2O2 in FBS-
free DMEM were added to each well and the cell plate was
incubated for 24hours. TheHepG2cellswere lysedbyusing the
freeze-thawmethod. After lysis, 0.2 mL of the cell suspension
was added to the TBA reagent (1.5mL of 20% acetic acid, 1.5mL
of 8.1% sodium dodecylsulfate, and 1.5 mL of 0.8% TBA). This
mixture was incubated at 90 C for 1 hour, and then cooled.
Fourmilliliters of amixtureofn-butanol andpyridine (15:1, v/v)
was added, and the whole mixture was centrifuged (1500 g for
15 minutes). The fluorescence of the samples at an excitation
wavelength of 515 nm and an emission wavelength of 555 nm
was detected by a F4500 fluorescence spectrophotometer
(Hitachi Co., Tokyo, Japan). The absorption spectrum in the
region of 515e555 nm (lex ¼ 515 nm, lem ¼ 555 nm) was
recorded in the upper butanol phase. Optical density (OD) was
determined at 532 nm with the absorbance at 515 nm and at
555 nm used as the background value and 1,1,3,3-
tetramethoxypropane (TEP) used as the TBAR standard [29].
2.8. Statistical analysis
The experimental results are expressed as the mean  the
standard deviation (SD). The data were assessed by using the
analysis of variance (ANOVA). The Student t test was used to
compare between groups. A p value of <0.05 was considered
statistically different.3. Results and discussion
3.1. Qualification and yields of Ocimum gratissimum
extract preparation
It is generally assumed that the use of food supplements is safe
and efficacious because they have been used for human con-
sumption for centuries. In recent years,muchattentionhasbeen
focused on their protective function, especially the antioxidative
effect of naturally occurring compounds and themechanisms of
their actions. However, understanding their mechanisms of
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challenge formodern science. In the area of natural extracts, it is
very important that different information be considered simul-
taneously such as agronomics, extraction process, chemical
composition of the extracts, and their functional properties. The
extraction process and the conditions of extraction determine
the type of substances that will be extracted [30]. Thus, qualifi-
cation in the whole process is necessary.
In our work, the leaves and stems of O. gratissimum were
harvested in Nantou County, Taiwan, R.O.C. in the daytime
during the autumn season (September 2006 to November 2006)
and were identified by the Institute of Biochemistry and
Biotechnology of the Chung Shan Medical University. The
powdered vegetal materials were defined as dry starting mate-
rial. Fig. 1 shows the extract yields of the leaves and stems. The
yields of the OGE of the leaveswas 18.0% (72 g/400 g) and stems
was7.0% (28 g/400 g),with reference to thedry startingmaterial.
The genus Ocimum, a member of the Lamiaceae family,
containsmore than 200 species [31]. Botanical identification of
the Ocimum species can be complicated because of the exis-
tence of several varieties and the variation in chemical
composition. Some studies moreover report that differences
exist in the biological activity of essential oils of Ocimum
species obtained in different seasons of the year [32]. A pre-
vious report indicated that the chemical composition of Oci-
mum species varies in accordance with the time of plant
collection and the preparation of the extract [33]. As a vege-
table and food, blanching of Ocimum species could inactivate
and wash out vitamin C, and cause a significant increase in
the total phenol content [34]. Considering the factors affecting
the constituents of the boiled aqueous extract, our procedures
of O. gratissimum extraction were performed under a qualified
process in agronomic practices, plant identification, and
extraction condition.3.2. Total phenolic content of Ocimum gratissimum
extract
Polyphenols are bioactive substances widely distributed in
plants and are important constituents of the human diet. The
determination of total phenolic content is an important
parameter to estimate the amount of antioxidants [35]. TheFig. 1 e The relative yields and total phenolic contents of
Ocimum gratissimum extract of the leaves and the stems.
OGE [ Ocimum gratissimum extract.FolineCiocalteu method was used in our present study
because it has been proposed as a standardized method for
use in routine quality control and in measuring the antioxi-
dant capacity of food products and dietary supplements, and
it is considered the best method for total phenolic determi-
nation [36]. Fig. 1 presents the results of the total phenolic
content in the leaves and stems. The amount of phenolic
content observed in the leaf and the stem extracts were 20%
and 9%, respectively. Our data showed that the amount of
phenolic components in the leaf extract were more than two-
fold higher than the amount in the stem extract. To maintain
a high quality of phenolic content and extraction yield, we
adopted the extract of leaves in subsequent experiments.
Plants,whichare aprimary sourceof antioxidants, comprise
a great diversity of compounds such as flavonoids (e.g., antho-
cyanins, flavonols, and flavones) and several classes of non-
flavonoids (e.g, phenolic acids) as phenolics [37]. These
polyphenolic compoundsvary instructureand in thenumberof
phenolichydroxyl groupsand theirpositions, thereby leading to
variations in their antioxidative capacities. In our subsequent
studies, caffeic acid (i.e., 3,4-dihydroxycinnamic acid) was a
primary component of O. gratissimum extract [19]. High-
performance liquid chromatography (HPLC) can detect the
caffeic acid content and the difference in caffeic content beaten
O. gratissimum and Ocimum basilicum [38]. The presence of the
phytochemical caffeic acid is important for exerting a thera-
peutic function. In fact, caffeic acid has been widely used as a
reference when working with the FolineCiocalteumethod [25].
3.3. Free radical scavenging activity of Ocimum
gratissimum extract
Fig. 2 illustrates theDPPHscavengingeffect of theOGEwithBHA
anda-tocopherolasreferences.Concentrationeffectsof theOGE
and the references were observed: the radical-scavengingFig. 2 e The DPPH radical-scavenging activities of Ocimum
gratissimum L. extract. The results are presented as the
mean ± standard deviation of three independent
experiments in triplicate. BHA [ butylated
hydroxyanisole; DPPH [ 2,2-diphenyl-1-picrylhydrazyl;
OGE [ Ocimum gratissimum L. extract.
Fig. 3 e The effect of Ocimum gratissimum L. extract (OGE)
on HepG2 cell viability. The HepG2 cells were precultured
in 24 wells (2 3 105 cell/well in 10 mL of complete DMEM),
starved for 12 hours, and pretreated with OGE at the
indicated concentrations for 24 hours prior to undergoing
incubation with 882 nM H2O2. Cell viability was then
determined by MTT assay and expressed as the
mean ± standard deviation (n [ 3). *Indicates a significant
difference, compared to H2O2-treated cells; p< 0.05.
**Indicates a significant difference, compared to the control
(i.e., normal cells; n [ 3); p< 0.01. H2O2 [ hydrogen
peroxide; MTT [ 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide; OGE [ Ocimum gratissimum
extract.
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trationof33.33mg/mL,a-tocopherolandBHAcloselyapproached
their plateau of radical-scavenging activities, whereas a similar
ability of OGE was observed at 66.67 mg/mL. Under the same
experimental conditionswith positive control counterparts, the
scavenging effect of OGE, BHA, or a-tocopherol (each at 100 mg/
mL) on the DPPH radical was 79%, 75%, or 87%, respectively. In
descending order a-tocopherol had greater activity than OGE
which had greater activity than BHA. The result indicates that
OGE exerts a significant effect on scavenging free radicals.
The ability of the examined extract, which acts as a donor of
hydrogenatomsorelectrons inthe transformationofDPPH into
its reduced form DPPH-H, was investigated in the DPPH assay.
The DPPH radical has been widely used to test the free-radical
scavenging ability of various natural products, and it has been
accepted as a model compound for free radicals originating in
lipids [27]. The examined extracts ofO. gratissimumwere able to
reduce the stable, purple-colored radical DPPH into yellow-
colored DPPH-H. Polyphenols easily transfer a hydrogen atom
to the lipid peroxil cycle and form the aryloxylmolecule, which
is incapable of acting as a chain carrier and couples with
another radical, thereby quenching the radical process [39].
Therefore, the content of total phenolic compounds in the ex-
tractsmayexplain theirhighantioxidantactivities.TheOGEata
concentration of 66.67 mg/mL or higher showed similar DPPH
scavenging activity as that of BHA at the same concentration.
Nenadis et al [40] reported that artificial antioxidants (e.g., BHA)
have effective antioxidant activity, even at low levels (50 mM);
however, the toxicity of BHA has to be considered when using
the artificial antioxidant. Compared to the commercial antiox-
idants butylated hydroxytoluene (BHT) or a-tocopherol, the
plant (especially leaves) canbeexploitedasan important source
of natural antioxidants with health-protective potentials.3.4. Cytotoxicity protection activity of Ocimum
gratissimum extract on HepG2 cells
Hydrogen peroxide is regarded as a principal intermediary of
oxidative stress-induced cytotoxicity [41]. Thus, theTable 1 e Non-cytotoxicity of OGE in HepG2 cells.
Cell viability (%) MDA (nmol/mg of protein)
Control 100  0.02 0.09  0.05
Treatment (OGE)a
20 mg/mL 99  0.27 0.11  0.02
40 mg/mL 96  2.75 0.143  0.04
80 mg/mL 93  2.78 0.12  0.05
H2O2 882 nM 26  5.12* 0.33  0.07**
Data are expressed as the mean  standard deviation (n ¼ 3).
*p < 0.01 indicates a significant difference, compared to the other
groups (n ¼ 3).
**p < 0.05 indicates a significant difference, compared to the other
groups (n ¼ 3).
a Cells were pre-cultured in 24 wells (2  105 cells/well in 10 mL of
complete DMEM), starved for 12 hours, and then incubated at indi-
cated concentrations of OGE or H2O2 (882 nM) alone for 24 hours.
DMEM ¼ Dulbecco’s modified Eagle medium; H2O2 ¼ hydrogen
peroxide; MDA ¼ malondialdehyde; OGE ¼ Ocimum gratissimum
extract.cytoprotective properties of the OGE against H2O2-induced cell
death or damage can be observed by cell viability
enhancement.
When HepG2 cells alone were exposed to H2O2, the cell
viability significantly decreased in comparison to untreated
control cells (Table 1). Fig. 3 shows that the viability of HepG2
cells was greatly reduced by approximately 75% when
exposed to H2O2 (882 nM), whereas pretreatment with OGE
(20e100 mg/mL) effectively increased the viability of the H2O2-
assaulted HepG2 cells. Fig. 4 demonstrates the morphological
change in the HepG2 cells. As Fig. 3 shows, the OGE was
capable of inhibiting H2O2-induced cell death with viability
rates of 34%  5.01%, 45%  4.68%, 51%  5.28%, 60%  4.85%,
and 65%  5.70% at extract concentrations of 20 mg/mL, 40 mg/
mL, 60 mg/mL, 80 mg/mL, and 100 mg/mL, respectively. When
compared to the H2O2-treated cells (26%  5.12%), all con-
centrations used in this study significantly abrogated in a
dose-dependent manner the toxicity induced in the cells by
H2O2 ( p < 0.05). These results demonstrated that OGE has
significant protective effects against H2O2-induced cytotox-
icity in HepG2 cells.
Human HepG2 cells retain the activity of many phase I,
phase II, and antioxidant enzymes; this ensures that they
constitute a good tool for studying the cytoprotective, geno-
toxic, and antigenotoxic effects of the testing compounds
[42,43]. In addition, the steady-state antioxidant defense level
is higher in HepG2 cells than in other hepatic cells; this makes
Fig. 4 e The effect of Ocimum gratissimum L. extract (OGE) on HepG2 morphology under H2O2-induced cytotoxicity.
Microphotographs (403 objective; phase contrast optics) of the HepG2 cells were obtained after treating them for 24 hours,
as described in Section 2. The images show (A) the control; (B) 882 nM H2O2; (C) 40 mg/mL OGED 882 nM H2O2; (D) 60 mg/mL
OGED 882 nM H2O2; (E) 80 mg/mL OGE D 882 nM H2O2; and (F) 100 mg/mL OGED 882 nM H2O2. H2O2 [ hydrogen peroxide;
OGE [ Ocimum gratissimum extract.
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conditions [44,45]. In Table 1, OGE alone did not affect the
HepG2 cell viability at concentrations below 100 mg/mL.
Therefore, our findings suggest that OGE is safe at the thera-
peutic level and has a significant ability to prevent oxidative
stress. It may protect cells from oxidative stress by H2O2-
mediated disruption of cellular antioxidant systems.Fig. 5 e Cells were precultured in a 10-cm dish
(4 3 106 cells/dish in 10 mL of complete DMEM) for 12
hours, and then incubated for 24 hours with various
concentrations of OGE prior to the addition of H2O2. The
data are expressed as the mean ± standard deviation.
*Indicates a significant difference, compared to the control
group (n[ 3); p< 0.01. **Indicates a significant difference,
compared to treatment with H2O2 alone (n [ 3); p< 0.05.
DMEM [ Dulbecco’s modified Eagle medium;
H2O2 [ hydrogen peroxide; OGE [ Ocimum gratissimum
extract; TBARS [ thiobarbituric acid reactive substance.3.5. The effect of Ocimum gratissimum extract on lipid
peroxidation
Lipid peroxidation is an autocatalytic process, which is a
common consequence of cell damage and death. This process
may cause peroxidative tissue damage in inflammation,
cancer, toxicity of xenobiotics, and aging [46]. Hydrogen
peroxide toxicity leads to severe oxidative stress in human
HepG2 cells. Table 1 shows a dramatic increase in the TBARS
level in the H2O2-treated group (0.33  0.07 nmol/mg),
compared to the control group (0.09  0.05 nmol/mg). The
amount of TBARS increased approximately 3.5-fold in H2O2-
treated (882 nM) HepG2 cells, compared to the control (i.e.,
untreated) cells. We further examined whether pretreatment
with the OGE contributes to TBARS decrease in H2O2-induced
HepG2 cells. When HepG2 cells were treated with OGE
(at concentrations of 20 mg/mL, 40 mg/mL, and 80 mg/mL) and
then treated with 882 nM H2O2, the TBARS levels were
measured as 0.17  0.04 nmol/mg, 0.15  0.05 nmol/mg, and
0.23  0.03 nmol/mg, respectively. Compared to the TBARS
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mg), OGE pretreatment significantly decreased the concen-
tration of TBARS ( p < 0.05). The extract significantly reduced
the elevated TBARS levels at dose levels of 20e80 mg/mL,
which resulted in a 48.5% reduction in the TBARS level at
20 mg/mL; 54.5% reduction at 40 mg/mL; and 30.3% reduction at
80 mg/mL (Fig. 5). The protection rendered by OGE increased
with increasing dose up to 40 ug/mL. A further increase in OGE
(80 mg/mL) did not show more protection.
Increased MDA accumulation has been noted in response
to H2O2 and this accumulation can induce damage to
various biological macromolecules such as DNA, RNA, pro-
teins, and lipids. In Table 1 and Fig. 5, the OGE alone did not
significantly elevate the TBARS level at concentrations
below 80 mg/mL. This indicates that OGE is safe at a thera-
peutic level. The cytotoxic effect of H2O2 on HepG2 cells was
demonstrated by its strong inhibition of cell viability and
MDA formation. Our results indicate that the OGE is capable
of reducing H2O2-induced cytotoxicity and lipid peroxida-
tion. Thus, the prevention of lipid peroxidation may explain
its cytoprotective property on cell membrane damage
caused by radicals.4. Conclusion
These findings indicated that aqueous O. gratissimum extracts
exert antioxidant and protective activities against oxidative
stress induced by H2O2 on human HepG2 cells. The poly-
phenolic content and antioxidant activity proved that OGE
possessed higher levels of antioxidant phytochemicals. The
exhibited properties of aqueous O. gratissimum extracts may
be implicated in hepatoprotective effects in oral nutraceut-
icals administered by dietary supplements or pharmacolog-
ical preparations.Acknowledgments
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